1. Vitreous and the vitreoretinal interface are comprised of molecules that dictate structure and function as well as underlie the changes that result in posterior vitreous detachment (PVD) in most cases and anomalous PVD in some individuals.
2. Pharmacologic vitreolysis, which is the molecular manipulation of vitreous to induce liquefaction via liquefactant agents and dehiscence at the vitreoretinal interface via interfactant activity, is destined to replace the surgical cure of various pathologies of anomalous PVD.
reorganization of vitreous macromolecules resulting in gel liquefaction and structural changes that destabilize the vitreous body. To date, these pathologies have been treated with surgery. Throughout the history of medicine, therapeutics have evolved as a direct result of advances in our basic understanding of disease pathogenesis. This has led to less invasive yet increasingly effective therapeutics. At fi rst, when little is known, little, if anything, is done. As recognition and understanding of anatomic pathology increases, surgery is employed. With increasing knowledge about the cause(s) of disease, surgery is supplemented with and eventually replaced by pharmacotherapy. When we fully understand a disease, we develop ways to prevent it, obviating the need for both surgery and pharmacotherapy. Consider, for example, that the treatment of severe infections by surgical drainage of an abscess has been to a great extent replaced by the use of antibiotics. Peptic ulcers, for many years a surgical disease believed to be caused by stress, had high mortality. Antacids, antihistamines, and proton pump inhibitors as well as good gastroscopies made huge improvements. The breakthrough came with the discovery of Helicobacter pylori as the underlying cause in the vast majority, and now, antibiotic therapy has largely eliminated surgery in many settings. Cervical cancer, once treated with hysterectomy, was increasingly recognized to arise from subtle dysplastic changes in the epithelium. A population level screening program and development of less invasive biopsies and surgical procedures made a huge difference in survival. Recognition of a papilloma virus as the underlying cause has led to widespread vaccination programs, which may prevent the vast majority of cases with this disease.
This type of evolution is now occurring in the discipline of vitreoretinal diseases and surgery. Laser surgery for exudative maculopathies due to diabetic retinopathy, vein occlusions, and age-related macular degeneration (AMD) has been largely replaced by intravitreal anti-VEGF pharmacotherapy. Another recent development is " pharmacologic vitreolysis ," a term that was coined in 1998 to refer to the use of drugs to alter the molecular structure of vitreous and the vitreoretinal interface [ 23 ] . The objective of this therapy is to pharmacologically induce an innocuous PVD and thus mitigate any untoward effects of vitreous on the retina that cause or worsen pathology. Furthermore, a variety of physiologic effects are introduced, which are, in some settings, very benefi cial.
The foregoing chapters of this book are witness to the expansion of our knowledge about vitreous and its role in disease. Various predisposing genetic factors and congenital anomalies, contributing systemic diseases, anomalous aging effects, and ocular conditions have been described. A few good examples are chapters I.C . [ . The surgical management of these conditions has also been discussed at length (see chapters V.A.1. to V.A.6. and V.B.1. to V.B.9. ). However, owing to the signifi cantly expanded fund of knowledge related to vitreous and its role in retinal disorders, nonsurgical therapies are being developed, initially to augment but eventually to replace surgery. The following reviews these approaches to the future. Of note is the fact that of the seven major pharmacologic vitreolysis modalities that have been undertaken to date, one has been approved for clinical use, one is currently under development, and fi ve have either failed or been disbanded. All seven research and development programs will be critically reviewed below and presented in greater detail in the remaining chapters of this section.
II. Classifi cation of Approaches to Pharmacologic Vitreolysis
The fi rst retrievable publication on pharmacologic vitreolysis appeared 65 years ago in the British Journal of Ophthalmology [ 17 ] . Since this and other initial approaches all used enzymes as adjuncts to surgery, the term " enzymatic vitreolysis " was prevalent in the early literature [see chapter VI.B . History of pharmacologic vitreolysis]. However, in 1998, the term " pharmacologic vitreolysis " replaced the older term, so that vitreolytic agents could be grouped according to more than just an enzymatic mechanism of action [ 23 ] . The following presents two different classifi cations based upon the actions of the various pharmacologic vitreolysis agents.
A. Chemical Action of Pharmacologic Vitreolysis Agents
In 1998, pharmacologic vitreolysis was viewed in terms of the chemical activity of the various agents under development [ 23 ] . Thus, the two broad classes of drugs were enzymatic or nonenzymatic agents (Table VI. A-1 ). Within the larger enzymatic group of agents, there was further subdivision into substrate -specifi c and nonspecifi c agents. Although logical, this classifi cation of the various approaches to pharmacologic vitreolysis based on chemical activity did not seem useful from the clinical standpoint. Thus, an alternative approach was sought a decade later.
B. Biological Action of Pharmacologic Vitreolysis Agents
In 2009, the various pharmacologic vitreolysis agents under development were reclassifi ed in terms of their biological activity. Central to the biological classifi cation system is the fact that posterior vitreous detachment (PVD) results from concurrent liquefaction of the gel vitreous and weakening of vitreoretinal adhesion [see chapter II.C . Vitreous aging and posterior vitreous detachment]. Thus, these two components of PVD were considered important in classifying agents for pharmacologic vitreolysis [ 25 ] . Those agents that primarily liquefy the gel vitreous are referred to a liquefactants , while those that induce dehiscence at the vitreoretinal interface are called interfactants . As can be seen in Table VI This substrate-specifi c liquefactant targets hyaluronan, which is a glycosaminoglycan composed of repeating disaccharide units of N -acetyl glucosamine glycosidically linked to glucuronic acid [see chapter I.F . Vitreous biochemistry and artifi cial vitreous]. Hyaluronidase (HAse) has a number of natural biological functions including fertilization and preserving mobility in human body tissues. HAse can also enhance pathologic processes such as bacterial virulence and the spread of cancer cells [ 7 , 18 ] .
HAse has been used in ophthalmology to facilitate the periocular distribution of retrobulbar injection of anesthetics. The fi rst use of HAse for pharmacologic vitreolysis was by Pirie [ 17 ] The underlying reasons for this failure convey important lessons. Firstly, study subjects with vitreous hemorrhage were predominantly patients with proliferative diabetic retinopathy. It is therefore relevant that none of the preclinical animal studies were performed in diabetic animals, although it is well known that diabetes alters vitreous on a biochemical [ 27 , 28 ] as well as structural [ 22 ] level [see chapter I.E . [ 8 , 36 ] . In proliferative diabetic retinopathy, this will result in persistent traction upon neovascular complexes that have grown into the posterior vitreous cortex with recurrent vitreous hemorrhage and vision loss. This is particularly hazardous in patients with type I diabetes who are younger and have more fi rm and extensive vitreoretinal adherence. In these individuals, HAse will risk inducing traction retinal detachment, as was the experience of this author during the clinical trials. Thus, not only is Vitrase ® not approved for use as an intravitreal injection, it should not be used off-label for pharmacologic vitreolysis, except perhaps in the setting of existing PVD. Chondroitinase II (112 kDa) has no activity against the intact polymer, but can digest tetrasaccharides produced by the Chondroitinase I-catalyzed reaction. The combined activity of these two enzymes results in more rapid degradation than the use of Chondroitinase I alone. In human, primate, and pig eye sections exposed to chondroitinase, adhesion between the collagen of the vitreous cortex and the retina, optic disc, and lens was markedly reduced [ 11 , 12 ] . This effect was greater with chondroitinase than trypsin, hyaluronidase, dispase, heparinase, and others. Follow-on studies demonstrated that exposure of the human vitreoretinal interface to chondroitinase resulted in complete disruption of the adhesion, a process Russell and Hageman termed "dis-insertion." Unlike known proteolytic enzymes, chondroitinase resulted in complete, rather than incomplete, separation of the vitreous from the primate retina, but did not liquefy vitreous [ 1 ] .
Chondroitinase
The results of phase I/II FDA testing are described in chapter VI.H . [Chondroitinase as a Vitreous InterfactantVitreous Dis-insertion in the Human]. Although this was primarily a safety study that found no untoward effects, there was some evidence of effi cacy. Nonetheless, there have been no further clinical trials with chondroitinase. In the words of the principal investigator Dr. Stephen Russell, " Despite the initial discovery and testing of chondroitinase as a pharmacologic vitreolysis agent that began nearly three decades ago, contractual restrictions in the initial years and intellectual drift in more recent years have limited the peerreviewed publication of most of the animal (monkey) and human studies that evaluated this promising agent. " Moreover, the procurement process employed for chondroitinase was expensive, far more than a recombinant enzyme. Also, during the 1980s, the chondroitinase project was handled by four different corporate development teams: Storz, American Cyanamid, American Home Products, and Bausch and Lomb. By the time a decision was made for a Phase III trial, none of the early advocates of chondroitinase were managing the project. Since chondroitinase did not originate in their pipeline and the phase I/II data (not powered for efficacy) appeared to be insuffi cient [see details in chapter VI.H . Chondroitinase as a vitreous interfactant: vitreous disinsertion in the human], chondroitinase did not undergo further study [ 21 ] . While this may have made sense in a corporate context, the scientifi c and clinical perspectives appear to suggest that further research and development is warranted, perhaps with a less expensive recombinant form of chondroitinase.
Nattokinase
Nattokinase is an enzyme extracted from natto, a Japanese food made from soybeans fermented by the bacteria Bacillus subtilis natto . This popular breakfast food in Japan has a cheese-like smell, a nutty/salty fl avor, and a sticky consistency. The dietary supplement of nattokinase is purifi ed from natto and made into tablets and capsules, so it does not have the strong smell or taste as the food. It is a popular supplement because nattokinase is thought to dissolve abnormal blood clots.
Medical research with this substance is limited and relatively recent. Indeed, the fi rst nattokinase publication listed on PubMed dates back no earlier than 1987. This study describes nattokinase as an enzyme with a molecular weight = 20,000 and strong fi brinolytic activity, especially to the plasmin substrate H-D-Val-Leu-Lys-pNA (S-2251) [ 30 ] . A more recent study [ 38 ] identifi ed that nattokinase promoted the release of tissue plasminogen activator from vascular endothelial cells and HeLa cells. This fi nding may explain nattokinase's ability to promote pharmacologic vitreolysis [see chapter VI.C . Pharmacologic vitreolysis with tissue plasminogen activator].
The fi rst and, to this author's knowledge, only study of nattokinase in the eye demonstrated the effi cacy of this serine protease to induce PVD in rabbits, as determined by scanning electron microscopy [ 31 ] . Clinical examination, ERG testing, and light microscopy identifi ed toxicity at a dose ten-fold greater than the dose that was able to induce PVD. Remarkably, PVD was induced within 30 min after injecting nattokinase. In recent years, there have been no further publications on the subject of nattokinase pharmacologic vitreolysis. The chairman of Ophthalmology at Kumamoto University in Japan, Professor Hidenobu Tanihara, describes that this is primarily due to the fact that the producers of nattokinase are producers of food, not pharmaceuticals (personal communication, 2014).
Vitreosolve ®

Vitreosolve
® is a nonenzymatic agent for pharmacologic vitreolysis that is comprised of urea, which "unravels" collagen fi bers and purportedly induces both liquefaction and vitreoretinal dehiscence, making it both a liquefactant and interfactant. Following animal studies, this drug has been evaluated in Phase III clinical trials conducted at multiple sites in the United States, India, and Mexico. The objective of the clinical trials was to evaluate the safety and effi cacy of intravitreal injections of Vitreosolve ® to induce a PVD (as determined by ultrasound) in patients with nonproliferative diabetic retinopathy (NPDR). This prospective, randomized, double-masked, placebo-controlled study enrolled approximately 400 patients with NPDR in the United States and India and 150 in Mexico. The study design involved monthly intravitreal injections for 3 months. The results showed that while Vitreosolve ® did induce a PVD in 50 % of cases, PVD also occurred in 36 % of controls ( [ 13 ] ; V. Karageozian, MD, personal communication, 2013). This difference was not statistically signifi cant and all clinical research with Vitreosolve ® has been terminated.
While this is disappointing, there may be valuable lessons to be learned. The importance that clinical trials be designed with suffi ciently large subject groups to assure statistically signifi cant results is underscored. Although the Vitreosolve ® trials involved over 500 subjects, these were apparently not suffi ciently large numbers, perhaps suggesting a lack of drug potency, as well as a surprisingly high effi cacy (36 %) of placebo injections. Secondly, no preclinical studies were done with Vitreosolve ® in diabetic animals. Studies have previously shown that the vitreous gel and vitreoretinal interface in diabetic patients are quite different from nondiabetic individuals [see chapter I.E . Diabetic vitreopathy]. Thus, future investigators are well advised to research the effects of agents for pharmacologic vitreolysis (or any drug to be injected intravitreally in diabetic patients) in appropriate models of the ultimate disease application, in this case to induce PVD in subjects with diabetic vitreopathy and diabetic retinopathy. As mentioned above, this shortcoming was also a factor in the failure of the liquefactant Vitrase ® (hyaluronidase) to induce benefi cial effects in diabetic patients and obtain FDA approval.
RGD Peptides
The rationale for using RGD peptides in pharmacologic vitreolysis derives from their interaction with integrins. Many adhesive proteins present in extracellular matrices contain the tripeptide arginine-glycine-aspartic acid (RGD) as their cell recognition site. Identifi ed nearly three decades ago [ 20 ] , the RGD sequences of each of the adhesive proteins are recognized by at least one member of a family of structurally related receptors, integrins, which are heterodimeric proteins with two membrane-spanning subunits. These transmembrane receptors mediate the attachment of a cell to other cells or the extracellular matrix (ECM). Integrins are also known to play a critical role in cell signaling [ 10 ] . Therefore, in addition to transmitting mechanical forces across otherwise vulnerable membranes, integrins are involved in the regulation of cell cycle, shape, and motility. The specifi c binding complex "RGD" (a term referring to the amino acid sequence arginine-glycine-aspartate) is important as it is present in various ECM components including laminin, fi bronectin, and certain collagens, thereby playing a potentially important role at the vitreoretinal interface [see chapter II.E . Vitreoretinal interface and the ILM]. Indeed, immunolocalization studies have identifi ed integrins on the surface of the ILM [ 2 ] . Because synthetic RGD peptides compete for integrin-binding sites, they could disrupt integrin-ECM interaction with subsequent loosening of interface attachments, in this case at the vitreoretinal interface. Thus, it may be possible to disrupt vitreoretinal adhesion and induce PVD via pharmacologic vitreolysis with RGD analogues.
Studies [ 16 ] in a rabbit model found that after 24-h incubation of intravitreal RGD peptides, limited vitrectomy (30-s core vitrectomy with attempted PVD induction at low aspiration ≤30 mmHg) resulted in a signifi cantly greater extent of PVD in treated eyes compared with controls. Although retinal edema was noted in half of the treated eyes, no toxicity was detected on clinical examination, electron microscopy, or TUNEL (terminal deoxynucleotidyl transferase dUTP nick end labeling) apoptosis assay. Despite the solid rationale and these encouraging initial fi ndings, no further studies have been published in the past 12 years. The reasons are unknown. Ocriplasmin (des-kringle 1-5 plasmin) is a truncated recombinant form of plasmin. Formerly called microplasmin, this recombinant 27 kDA serine protease contains the catalytic domain of plasmin but none of the 5 kringles located as extensions towards the C-terminal end of the larger of its two chains [ 37 ] . These kringles normally serve as binding sites for substrates, regulatory molecules, and inhibitors [ 33 , 37 ] . As a result, ocriplasmin has a more potent effect on thrombin than is observed with plasmin but binds to its primary inhibitor with less affi nity. Ocriplasmin has a well-characterized enzyme activity profi le that is stable for several days in an acidic environment. Highly active in neutral pH, inactivation follows second-order kinetics (autolysis), so that when Ocriplasmin is placed in a vitreous substrate, only 25 % of the activity remains at 24 h. However, as a member of the plasminogen family of proteins, ocriplasmin regulates a number of pathways including proinfl ammatory cytokines and matrix metalloproteinases that help to extend its mode of action and defi ne its secondary clinical manifestations. For maximal effect, it requires injection close to the site of intended activity, which can also limit any adverse effect on adjacent structures such as zonules. Nonetheless, preclinical studies found effi cacy without toxicity [see chapter VI.E. b. Case Selection Retrospective analyses of the clinical trial data have resulted in a very interesting set of observations. Certain pre-injection factors were found to be associated with a higher success rate of inducing PVD and relieving VMT. If the extent of VMA was less than 1,500 μm, the success rate increased from 27.1 to 34.7 %. The aforementioned case has about 500 μm of VMA. The absence of a premacular membrane (PMM) with pucker (so-called ERM) was associated with a success rate of 37.4 %. The case study above had no PMM. If the patient had VMA <1,500 μm, had no PMM, and was phakic, the success rate increased to 44.7 %. The aforementioned patient was phakic. If in addition to these factors the patient were younger than 65 years of age, the success rate was an impressive 68.4 %. The case study was a 62-year-old woman.
The resolution of macular holes following a single injection of ocriplasmin was similarly associated with certain clinical features. If the macular hole were smaller than 250 μm in diameter, the closure rate was 58 %. In similar fashion to the release of VMT, the closure rate for macular holes increased if the patient was younger than 65, had no PMM with pucker ("ERM"), and had VMA less than 1,500 μm in extent. In such cases, the closure rate was a striking 80 %. It is interesting to note that the case study described above meets these criteria, perhaps explained the very favorable response to pharmacologic vitreolysis with ocriplasmin.
IV. Future Considerations
A. Enhancing Drug Delivery
Preclinical studies with ocriplasmin demonstrated that for maximal drug effect, the drug should be injected close to the site of intended action [see chapter VI.E.1 . Pharmacologic Vitreolysis with Ocriplasmin: Basic Science Studies]. Presently, all drugs are injected into the mid-vitreous without very much concern or control over the direction of drug delivery. Further, it is not known whether or not following injection, a drug could be directed posteriorly by having the patient lie supine for a period of time or whether iontophoresis forces could be employed to direct drug distribution posteriorly. Of course, the former maneuver would only be effective if the specifi c gravity of the drug solution is greater than vitreous. Special needles have been discussed, such as the "quadraport" tip, but none has been adopted for routine use. Clearly, this is an area that would benefi t greatly from enhanced intravitreal drug delivery systems [see chapter IV.E .
Principles and Practice of Intravitreal Application of Drugs].
A potentially important aspect that has not been considered in this or any clinical setting of intravitreal drug therapy is vitreous structure. It is well known that vitreous structure is very different at different ages ( Figure VI.A-9 ) and in different ocular conditions and disease states [see chapters II.C . Vitreous Aging and Posterior Vitreous Detachment; II.B . Myopic Vitreopathy; I.E . Diabetic Vitreopathy]. These and other infl uences create topographic heterogeneity in vitreous structure that could infl uence drug distribution and delivery to the target following intravitreal injection. In the elderly, this is particularly relevant since there can be profound variability of vitreous structure from one part of the vitreous body to another. It is plausible, if not probable, that drug distribution would be very different if an injection were placed into a lacuna of liquid vitreous as opposed to an injection into the adjacent gel vitreous ( Figure VI.A-10 ). There is currently no way to control for this variable. Thus, future approaches should strive to enhance drug delivery for pharmacologic vitreolysis as well as other forms of intravitreal pharmacotherapy by achieving therapeutic drug levels at the desired site of action taking into consideration the particular biochemical and structural attributes of the eye being treated. This type of individualized therapeutic approach, however, will require enhanced ways to evaluate the biochemical composition and structure of vitreous and adjacent tissues, ideally on a molecular level.
Indeed, one of the most signifi cant limitations facing ophthalmology today is the lack of adequate diagnostic approaches to evaluate both the structure and function of the eye on more fundamental levels. While OCT imaging of the posterior pole has certainly been a very useful diagnostic tool from a structural standpoint (Videos VI.A-2 and VI.A-3 ), it does not represent a paradigm shift, which is vital to progress. The fundamental reason for our lack of powerful and innovative diagnostic approaches is surprisingly the ophthalmoscope, the very instrument that spawned our fi eld. When introduced by Helmholz in 1857 (based on earlier designs by Purkinje), the ophthalmoscope revolutionized ophthalmology. While imaging technologies have since advanced, our concept of disease has not substantially changed for more than a century. We are still "laden" with the notion that until structural abnormalities are detected, there is no disease. Thus, for example, we await the appearance of visible abnormalities such as retinal microaneurysms and microhemorrhages before diagnosing diabetic retinopathy. Although the disease actually begins long before the development of such structural changes, these early changes are not diagnosed by today's imaging technologies. What is needed, therefore, is a new generation of diagnostic technologies that evaluate the eye on a molecular level-nanotechnologies, for lack of a better term. These new approaches are already in development [see chapters IV.A . Vitreous Physiology; II.F . To See the Invisible -The Quest of Imaging Vitreous] and will have great impacts on our understanding of disease pathogenesis, as well as our ability to diagnose abnormalities early in the natural history of disease when there is a greater likelihood of reversibility and more potential for preventing further progression.
B. Improving Vision Outcome Measures
As a corollary to the aforementioned needs for enhanced imaging on a molecular level and for methodologies to assess ocular physiology in health rather than just pathology in disease, there is a similar need for improved measures of visual function. This will not only enable earlier diagnosis in some cases but also provide improved outcome measures of therapy. At the present time, there is great emphasis on visual acuity. However, this is only one aspect of visual function. Amsler Grid testing to quantitate central visual dysfunction induced by anomalous PVD with vitreo-macular traction (VMT) and macular hole. This prototype diagnostic technology was in fact able to quantitate worsening of central vision during disease progression and improvement following pharmacologic vitreolysis. This type of diagnostic assessment would be very useful as a quantitative measure of vision to supplement visual acuity in two regards: it could help determine the degree of disease severity [ 11 ] and thus be useful for case selection. As described above, it could also fi nd great utility as an outcome measure of the effi cacy of pharmacologic vitreolysis as well as other therapies of eye disease. Lastly, it could help new drug development.
C. Combination Therapy
The theoretical superiority of combination therapy over monotherapy has previously been postulated for pharmacologic vitreolysis [ 24 ] . Initially, combination pharmacologic vitreolysis involved the use of intravitreal drug and gas injection. While hyaluronidase alone was unable to induce PVD in rabbits [ 8 ] , the addition of perfl uoropropane gas injection was able to induce PVD [ 12 ] . A similar phenomenon was observed in rabbits where the effect of plasmin was augmented by sulfur hexafl uoride gas [ 9 ] . Thereafter, combination therapy involved the use of two different drugs. Studies on diabetic rats found that neither hyaluronidase nor plasmin alone achieved effective pharmacologic vitreolysis, yet the combination of the two agents induced a total PVD in 8/10 (80 %) eyes. The fact that other studies were able to induce PVD with plasmin alone yet this one did not might relate to the fact that this study employed diabetic animals whose vitreous is very likely very different from nondiabetic animal models [see chapter I.E . Diabetic vitreopathy]. A plausible explanation for why the combination of hyaluronidase and plasmin yielded superior results to either agent alone could be that the liquefactant hyaluronidase induced gel liquefaction while the interfactant properties of plasmin induced suffi cient dehiscence at the vitreoretinal interface to induce total PVD in a much higher percentage of cases.
Future clinical development should consider combination therapy as a means of increasing the effi cacy of pharmacologic vitreolysis. It is, in fact, unlikely that a single agent will meet the needs of all patients at all ages with different systemic conditions and a variety of ocular diseases at various stages of severity. Rather, the future will most likely see the use of a mixture of agents whose selection will be based upon the results of basic and clinical experimentation to determine which combination will have the highest likelihood of inducing a salubrious PVD in different clinical settings. It is furthermore likely that the concentrations of the various ingredients will be varied depending upon various clinical criteria. What seems quite important, however, is that vitreoretinal dehiscence should 
D. Prevention
The foregoing has presented considerable information regarding the use of pharmacologic vitreolysis to treat existing diseases. The true promise of this approach, however, lies with implementation in patients at risk of anomalous PVD who would likely benefi t greatly from prophylactic pharmacologic vitreolysis. Alternatively, the future may see the development of ways to inhibit the molecular changes that underlie anomalous PVD and prevent this fundamental cause of various vitreoretinopathies.
Prophylactic Posterior Vitreous Detachment
As has been extensively discussed in this book, vitreous plays an important role in a variety of retinal diseases. Thus, while the foregoing has focused on the use of pharmacologic vitreolysis to treat existing vitreoretinal disorders, it is reasonable to consider the induction of PVD as prophylaxis in situations that are known to be high risk. Fellow eyes of rhegmatogenous retinal detachments (especially from giant tears), macular holes, and perhaps macular pucker may be good candidates for prophylactic PVD induction. Two clinical conditions would seem very amenable to this approachdiabetic retinopathy and age-related macular degeneration. Diabetes has signifi cant biochemical, structural, and physiologic effects upon vitreous [see chapter I.E . Diabetic Vitreopathy]. Vitreous plays a particularly important role in Figure VI .A-10 Heterogeneous vitreous structure in old age. Intravitreal injection of any drug could have variable drug distribution and thus efficacy, depending upon whether the drug is injected into a lacuna of liquefi ed vitreous or into an area of gel vitreous. The syringe on the lower left is injecting into a lacuna (see arrows at the top indicating other lacunae) of liquid vitreous. The syringe on the lower right is injecting into gel vitreous. The pharmacokinetics and pharmacodynamics will likely be very different for any drug injected into such very different areas within the vitreous body. Such heterogeneity of vitreous structure is signifi cant in older individuals and less prominent in youth proliferative diabetic retinopathy as well as in diabetic macular edema (DME). [see chapter III.K . Vitreous in Retinovascular Diseases and Diabetic Macular Edema]. As many studies have shown that PVD is associated with a much better prognosis in diabetic retinopathy, it would seem advantageous to prevent advanced stages of disease and vision loss by inducing a prophylactic PVD. To this end, ocriplasmin is being tested in a multicenter, randomized, double-masked, sham-controlled, ascending-dose trial. This study of 60 patients with vitreo-macular adhesion (VMA) and con comitant advanced DME is complete, but data are not yet published.
Vitreous may also play an important role in the pathogenesis of exudative age-related macular degeneration [see chapter III.G . Vitreous in AMD]. Thus, a clinical trial was undertaken to test the hypothesis that ocriplasmin pharmacologic vitreolysis can induce an innocuous PVD and that this will have salubrious effects on the course of the wet AMD. This phase 2 study was a multicenter, randomized, double-masked, sham-controlled trial of 100 patients with VMA and concomitant exudative AMD who were randomized 3:1 to receive a single intravitreal injection of 125 μg ocriplasmin or sham treatment. Eyes that had previously undergone vitrectomy or received more than 9 injections of bevacizumab and/or ranibizumab were excluded. The primary end point was pharmacologic resolution of VMA at day 28 after injection. Selected secondary end points included resolution of VMA at all other study visits, PVD status, macular thickness, area of vascular leakage, change in visual acuity (ETDRS letters) from baseline, requirement for additional therapy, and number of bevacizumab and/or ranibizumab injections required over the course of study. The study is complete, but data are not yet published.
Anomalous PVD Prevention
With further evolution in our understanding of the mechanisms that underlie vitreous liquefaction and dehiscence at the vitreoretinal interface, new treatment paradigms may be developed to prevent these changes and thus prevent anomalous PVD [see chapter III.B . Anomalous PVD and Vitreoschisis]. Such an approach might not only obviate the untoward effects of anomalous PVD on the retina, optic disc, and macula but also promote healthier intraocular physiology, since age-related macular degeneration and diabetic retinopathy are known to be aggravated by unhealthy vitreous physiology [see chapter IV.A . Vitreous Physiology]. Given that cataracts are at least in part related to dysfunction of intravitreal oxygen physiology, it may also be determined that treatments to prevent vitreous degeneration and promote its various physiologic functions will mitigate against cataract formation [see chapter IV.B . 
